Abstract O È merli reservoir is the major reservoir of Istanbul in terms of water supply potential. However, rapid population increase, unplanned and illegal housing, irrelevant industries and motorways passing through the protection zones of the catchment area, together with insufficient infrastructure, cause the water quality of the reservoir to tend towards the eutrophic stage from the mesotrophic stage parallel to the land use profile. In order to achieve a long-term water supply from the reservoir and to arrive at sanitary solutions, new land use plans should be developed. Therefore, the key idea of this paper is to develop a convenient protection strategy to keep the reservoir from further deterioration, in light of the guidelines of a new land use plan, and to allow the watershed to be used in accordance with the tendencies of society in a controlled manner, so as to maintain the sustainability of the reservoir for drinking water supply and to assure continuing control by implementing economic sanctions.
Introduction
Istanbul, with an estimated population of over 12 million (officially registered total of 10 million in the last census of 1997), is one of the most crowded metropolises in the world, bisecting two continents, namely Asia and Europe. It receives a high level of migrating population, about 400,000 people per year, from various regions of Turkey, and houses one-sixth of the Turkish population and almost half of the Turkish industry within its vicinity. Annual population increase in the city is 4.6 percent, which is twice the average of the country. Daily water supply for Istanbul in 1998 was about 2.5 million cubic meters per day, 95 percent of which is supplied from six main reservoirs, as shown in Figure 1 . These water resources are vital to the wellbeing of the city. However, it is equally hard to maintain the water quality therein at an acceptable level for the beneficial use of the water supply, and maintaining their sustainability for the prescribed purpose is even harder. With the increasing population, care should be exercised to secure the reservoirs, as water supply resources and measures should be taken for pollution abatement. The key idea is proposed to be a management strategy for O È merli Reservoir, which supplies about half of the water demand of Istanbul, on a short-and long-term basis and it originates from a comprehensive task undertaken for the Ministry of Environment of the Turkish Republic in an attempt to use the reservoir in accordance with the tendencies of society in a controlled manner, while protecting the quality of the waterbody, and to assure continuing control by implementing economic sanctions (Gonenc et al., 1995a) .
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Present and future status of the O È merli catchment area Omerli reservoir, with a catchment area of 621km 2 on the Asian side of the Metropolis, as marked in Figure 1 , supplies approximately 35 percent of the water demand of the city. Together with the water coming into its basin from Darlik Dam, which supplies about 15 percent of the water demand of the city, its share adds up to about half of the water demand. The southwest part of the catchment area has experienced an enormous and unplanned urbanisation where the increase of population was recorded as 35.67 percent between the years 1985-1990. Comparison of the present population of 200,000 and future projected population (in year 2012) of around 1 million (OEJV, 1993) envisions the reality that, if no short-and long-term precautions are taken, the reservoir will, in the near future, be under the threat of eutrophication, along with health risks. The population increase is at a very high rate and must be kept under serious control.
The present water quality of the reservoir is overall Class 2 ± according to the German Technical Standards which require conventional treatment prior to use as drinking water ± and from a trophic standpoint it tends towards the eutrophic stage from the mesotrophic stage in parallel with the land use profile (Beler Baykal et al., 1996; Beler Baykal et al., 1999) . The current land use reveals that 35 percent is devoted to agriculture, 51 percent to forests and meadows and only 9.5 percent to the urban and industrial area, as shown in Table I . Although the percentage of the area devoted to urban and industrial activities is minor, population densities are high. 
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Current significant problems associated with these areas include unplanned and illegal housing, irrelevant industries and motorways passing through the protection zones. There are 26 urban settlement areas, of which 65 percent are located within the long-range protection zone, 15 percent at the medium range, 12 percent at the short range and 8 percent at the absolute protection zones. Those settlements within the absolute and short-range protection zones are of great importance, considering the deterioration of the water quality and the ecology of the catchment area. This is contrary to the current Turkish Regulations that prohibit the use of these highly protected areas for any type of settlement.
There are about 260 industrial plants belonging to 27 different categories in the area. Evaluation of the conventional pollutant loads originating from industries indicate that almost three-quarters of biological oxygen demand, BOD 5 , total nitrogen, T-N, and total phosphorus, T-P, loads are due to the animal breeding sector, followed by the metal finishing industries with 10 percent. Nutrient loads also arise from non-point sources of pollutants, such as those from forests and meadows, from use of fertilisers in agricultural land and from urban run-off and finally through atmospheric deposition.
The environmental evaluation of the basin emphasises the significance of point sources, especially of domestic origin, as the present polluting sources, as given in Table II (Gonenc et al., 1995a) .
Thus, as an immediate precaution, all the construction activities should be suspended and existing construction and sales should be frozen. Accordingly, unoccupied fields should be owned as private properties and the owners should be required to protect their lands. Controlled, very low density settlements with stringent wastewater treatment measures and simple agricultural activities, without the use of fertilisers and pesticides, should be allowed from the medium range on, with a somewhat increasing population density toward the outer reaches of the watershed. The regulation on protection zones for surface water resources states that within the absolute protection zone (0-300m) housing, agriculture and industrialisation are prohibited. In the short-range zone (300-1,000m), restricted agriculture is allowed, whereas new urban development is prohibited. The existing ones should also be removed. In the medium range zone (1,000-2,000m), agriculture is restricted, but existing developments remain; however new developments are restricted to small-scale industries. In the long-range zone (>2,000m), restricted agriculture is allowed. Existing houses and industries remain unless pollution risks are eliminated. New developments are restricted to individual houses and to small-scale industries (Dahl and Kurtar, 1993) . The domestic wastewater of those settlements that remain should be collected, treated and transferred outside the basin. Discharge of the treated effluent to the reservoir should be forbidden. As it stands in the new plan, the proposed treatment system has no provisions for diffuse sources of pollutants, including pesticides and fertilisers from agricultural activities (OEJV, 1993) . The significance of diffuse sources for the abatement of further deterioration of water quality then becomes the key issue to be emphasised in the area. Land use plans to protect the area should be developed within the framework of``zones''. Establishment of a protection-usage balance in the basin is highly significant in terms of the current legal and administrative status. The enforcement of Turkish Water Pollution Control Regulation and of Istanbul Water and Sewerage Works Administration (ISKI) has not been properly practised so far. Rules and regulations which are not supported by proper enforcement, supervision, resolution and sanctions, create risks that certain groups have to face. This causes the rapid and unplanned establishment of illegal settlements in the area, contrary to the current regulations. It seems impossible to solve the problems of the basin with the existing regulatory and administrative structure, mainly because legal and administrative confusion prevents solution of the problem and the sharing of responsibilities is not above criticism (Gonenc et al., 1995b) .
Basic approach of protection strategy
The basic goal is to protect the water quality and sound ecological conditions in the basin. The strategy is carefully controlled utilisation of the watershed while protecting acceptable water quality in the reservoir, through pertinent measures. This is called the protection-utilisation approach. To achieve this, the geomorphological, geological, meteorological, hydrological, hydrogeological, ecological, socio-economical and demographical structure of the area should be taken into account. The present status of the area should be rechecked and EMH 11,3 212 unnecessary nationalisation expenses should be avoided. Rights gained through other laws should be considered and legal problems should be kept at a minimum level. Planning in residential areas should be the priority task. The land-based pollutants directly or indirectly affecting public health must be removed from the basin. State forests should be protected and those needing afforestation should be nurtured (Tanik et al., 1998; Tanik et al., 1999) .
Land use plans should be prepared in accordance with the protection strategy. Alternative solutions for the long-term water supply should be developed, such as: low density settlement areas, establishment of recreational areas, afforestation, protection of state and private forest areas, forestation, vegetation and plantation alternatives with natural fertilisers, establishment of special protection areas like military areas with limited activities at the very sensitive regions of the basin. The schematic application of these alternative solutions on the proposed land use plan of O È merli reservoir is shown in Figure  2 and the explanation of the codes used in the Figure are provided in Table III .
Adaptation of the protection strategy with the current status requires certain urgent and short-term measures. Existing industries in the protection areas 1A, 1B, 2A, 2B must be removed outside the catchment area. Only those that do not produce hazardous wastes may continue their activities, unless they discharge all kinds of wastewater after treatment until they attain acceptable water quality criteria. The industries in any protection area must also treat their domestic wastewater, or else should use septic tanks. Individual housing must be equipped with sanitary septic tanks, while in cadastral areas, domestic wastewater must be discharged to the main sewer system that should be completed in the near future. Until the completion of the sewer system, septic tanks should be used, and scavengers should regularly empty them. None of the septic tanks may be installed within 100 meters' distance of a water body. In places where animal breeding is allowed, animal wastes must not be accumulated in the fields. They must be removed from the catchment area. Any type of treatment plant sludge and other domestic solid wastes must also be removed away from the catchment area.
As it is quite impossible to solve the problems of the area with the existing regulatory and administrative structure, the responsibilities of local and individual governmental organisations will be integrated in what may be called an``authority''. This organisation will be responsible for proper practice of the proposed land use plan to maintain sustainable development of the area. Participation in this association should be widespread and be based on the principle of sharing the responsibilities. It should be capable of enacting the plans developed, according to the new land use plan, aiming to supply water in the long term from the reservoir and to arrive at sanitation solutions. It should be responsible for maintaining the water quality at least at Class 2 of the European Standards. This association should be controlled by an external organisation like the Ministry of Environment.
Income of the authority will be: credits that are loaned from the Environmental Fund in the stage of establishment, a specific share collected Management plan for a watershed 213 from provincial administrations, sale and barter of land, sale of water to municipalities and industries, fees collected from people who visit the recreational areas, participation fees collected from the settlements, and share certificates. As such, this association will have no external financial support and the income will be returned as service.
Conclusions
One of the major water supply reservoirs of Istanbul, O È merli reservoir, is under the threat of eutrophication due to unplanned urbanisation, rapid population increase and insufficient infrastructure development in the watersheds. The basic approach to protect the reservoir from further deterioration and to manage a sustainable and long-term water supply depends on developing a rational management strategy and planning, where the formulation of a protection utilisation balance should be considered. An attempt is being made to develop such an approach for O È merli reservoir. Guidelines for a new land use plan are proposed, in accordance with the various types of protection zones, such as absolute protection, short-range and long-range protection zones. The limited activities allowed in each sub-zone of each zone are stated. The key idea in defining such activities is to keep the water quality of the reservoir at least at Class 2 of the European Standards in future. The establishment of an association is also suggested, to conduct all technical, financial, and supervision work of the basin. The guidelines of a new land use plan developed in this specific case study and the basic strategy imposed herein will lead to the creation of similar plans for sustainable management of drinking water reservoirs all around the world suffering from deterioration. 
